R ecently, the primary results of the Safety and Efficacy of NeuroFlo Technology in Ischemic Stroke (SENTIS) trial were published. 1 NeuroFlo therapy involves partial occlusion of the abdominal aorta that results in a prompt increase in blood volume above the peripheral arterial occlusion and has been shown to increase cerebral blood flow specifically. [2] [3] [4] In the intent-totreat analysis, the SENTIS results did not achieve statistical significance for the primary efficacy end point; however, safety of the procedure was established and favorable trends, especially with regard to stroke-related mortality, were observed.
We hypothesized that a favorable vascular profile (FVP) combined with a stable cerebral perfusion pressure is a prerequisite for collateral recruitment and maintenance. We performed post hoc analyses of the SENTIS trial to identify whether a FVP is associated with independent outcome.
Methods
For the detailed methods of the trial, we refer to the original publication of the SENTIS trial (ClinicalTrials.gov, #NCT00119717). 1 The trial was funded by CoAxia, Inc. All authors vouch for the accuracy and completeness of the data and analysis. All authors had access to all the data in the study and had final responsibility for submission of this publication. Briefly, patients were allocated to NeuroFlo treatment with standard medical management (treatment) or standard medical management alone (control) using a 1:1 randomization scheme Background and Purpose-We hypothesized that a favorable vascular profile (FVP) defined as anatomic intactness of the Circle of Willis combined with a stable cerebral perfusion pressure (mean arterial blood pressure>65 mm Hg) is a prerequisite for collateral recruitment and maintenance and may improve outcome. We performed post hoc analyses of a subset of the Safety and Efficacy of NeuroFlo Technology in Ischemic Stroke (SENTIS) trial data set to identify whether FVP is associated with independent outcome. Methods-SENTIS was a randomized, controlled device trial comparing hemodynamic augmentation with the NeuroFlo device to best medical treatment. We identified all patients from the primary dataset (n=515 patients) with available intracranial vascular imaging at baseline. Vascular imaging data were read blind to clinical and treatment data. We performed univariate and multivariate analyses to identify predictors of independent outcome (modified Rankin Scale 0-2) at 90 days. 
Results
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stratified by site, baseline National Institutes of Health Stroke Scales (NIHSS) score, and the time from symptom onset. All patients were followed for safety and efficacy through 90 days. Follow-up imaging was performed at 24 hours and, in cases of neurological worsening, at anytime up to 90 days. We identified all patients from the primary dataset (n=515 patients) with available intracranial vascular imaging (magnetic resonance angiography, computer tomography angiography, or conventional angiography) at baseline. Two independent readers (P.D.S., D.S.L.) evaluated the vascular imaging blind to clinical and treatment data. FVP was defined as the combination: (1) intact Circle of Willis including visualization of the communicators, and (2) mean arterial blood pressure>65 mm Hg at all time points within the first 12 hours of the NeuroFlo procedure. The later cutoff value was arbitrarily chosen as the widely accepted upper limit of cerebral perfusion pressure below which ischemic brain may progress to infarction (Figure) .
Baseline demographics were summarized for treated and nontreated subjects. There were no statistical differences between groups in this cohort and the complete dataset. P values presented are from a Fisher exact tests (categorical variables) and 2-sample Wilcoxon tests (continuous variables). We performed univariate and multivariate analyses to identify predictors of independent outcome (modified Rankin Scale [mRS] 0-2) at 90 days. We also analyzed the data by shift in trichotomized (mRS 0-2, 3-4, 5-6) outcomes of the mRS. Cochran-Mantel-Haenszel tests were run for each shift analysis. All statistical tests were 2-sided; statistical analyses were conducted in SAS version 9.1 or above (SAS Institute, Cary, NC).
Results
Between October 2005 and January 2010, 515 patients were enrolled in the SENTIS trial at 68 centers. A total of 257 patients were randomized to the control group and 258 patients were randomized to the treatment group (intent-to-treat population). Twenty-eight patients randomized to treatment were excluded because of prespecified criteria, 5 patients randomized to treatment did not receive treatment, and 1 patient randomized to the control group received NeuroFlo treatment (both were protocol deviations) resulting in 261 nontreated patients and 226 treated patients in the modified as treated analysis. 1 A total of 192/515 SENTIS subjects had available baseline vascular imaging (91 treated/101 controls). Baseline characteristics did not differ between groups (Table 1) .
There were also no major differences between patients with (n=172) and without (n=20) FVP except for higher NIHSS scores in the latter subgroup (mean 10.8±4.3 versus 12.9±5.0; median 11 versus 14.5; P=0.0401). Overall, FVP was seen in 89.6% of patients with a trend in favor of treated patients (94.5% versus 85.2%; P=0.0562). Variables used in univariate logistic regression models to determine if they are associated with mRS 0 to 2 at 90 days are listed in Table 2 . In the univariate models, the following were associated with the outcome (all P values<0.10): FVP, baseline NIHSS, and history of atrial fibrillation. These variables were used in a multivariable model. Mortality and severe disability were higher in the group without FVP (17.4% versus 45%). The presence of FVP predicted independent outcome in univariate (odds ratio, 7.46; 95% confidence interval, 1.68-33.18; P=0.0082) and multiple logistic regression analyses after adjustment for all variables (odds ratio, 10.22; 95% confidence interval, 1.78-58.57; P=0.0091). Aside from FVP, only baseline NIHSS (odds ratio, 0.74; 95% confidence For the shift analysis, stratification by baseline NIHSS and age, stratification by baseline NIHSS and infarct side, and stratification by baseline NIHSS and history of atrial fibrillation, there were no statistical differences between treated groups, whether subjects had FVP or not (all P values>0.48).
Discussion
Hemodynamic augmentation by partial aortic occlusion has been shown by several imaging techniques to increase cerebral blood flow by ≈30%, an effect that lasts beyond the procedure itself. 4 The SENTIS trial tested the clinical efficacy and safety of the NeuroFlo device, that by increasing cerebral blood flow to ischemic brain was hypothesized to lead to reduced morbidity and mortality in acute stroke patients treated within 14 hours after onset of symptoms.
1 SENTIS established safety for the NeuroFlo procedure but missed statistical significance for the primary clinical outcome end point. Arguably, the presence of collaterals, especially the presence of an intact Circle of Willis combined with sufficient cerebral perfusion pressure would increase the chance of an acute stroke patient to experience a better outcome. This could be mediated by establishing and stabilizing collateral perfusion to ischemic areas of the brain. 5 Also, the presence of a FVP could be a prerequisite for any hemodynamic augmentative approach to work in ameliorating the sequelae of ischemic stroke by improved penumbral flow, stroke size reduction, and thereby improving clinical outcome.
FVP and baseline NIHSS independently predicted outcome in this subset of the SENTIS population. Although the presence of a FVP by itself is an independent predictor of stroke outcome, we could not detect any interaction of FVP present with a therapy effect of the NeuroFlo procedure.
Although further analysis of the acquired imaging data are necessary, it may be assumed that the procedure, by improving collateral flow to ischemic penumbral brain, reduces infarct size. Stroke size has been repeatedly established as a predictor for outcome and mortality. [6] [7] [8] [9] Whether presence of FVP in combination with hemodynamic augmentation reduces infarct size and this effect again results in improved clinical outcomes remains to be seen. FVP is a novel parameter to predict outcome of acute stroke patients and further studies will establish its potential role for selection of optimal candidates for hemodynamic augmentation.
Our analysis is limited by its nature as a post hoc calculation; however, the size of our subgroup and the nature of the source data generated from a randomized trial add to its importance. Another limitation by virtue of performed imaging is the lack of assessment of extra-to intracranial collaterals, which is mostly a domain of Doppler ultrasound (eg, the ophthalmic collateral).
At the current stage, it is not known whether the NeuroFlo device will be the subject of further study. If so, systematic assessment of FVP including extra-to intracranial collaterals may be an important protocol feature.
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